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COWBIRD  PARASITISM  AND  NESTING  SUCCESS 
IN  THE  EASTERN  PHOEBE 

By 

Erwin  E.  Klaas1 

The  eastern  phoebe  (Sayornis  phoebe)  is  an  important  host  of 
the  brood  parasitic  brown-headed  cowbird  (Molothrus  ater)  in 
eastern  North  America.  Friedmann  (1963:7)  classified  17  species 
of  birds  as  the  most  frequently  parasitized  hosts  of  the  cowbird  and 
ranked  the  phoebe  fifth  among  these.  This  high  ranking  may  be 
due  in  part  to  the  ease  with  which  phoebe  nests  may  be  found  by 
human  observers.  Nests  are  frequently  placed  in  accessible  and 
predictable  locations,  such  as  under  bridges  or  culverts  and  on 
buildings.  Moreover,  Rothstein  (1970)  has  shown  experimentally 
that  the  eastern  phoebe  does  not  eject  cowbird  eggs.  For  these 
reasons,  the  phoebe  is  an  excellent  species  for  studying  reproductive 
success  and  cowbird-host  relationships.  Relatively  large  numbers 
of  nests  can  be  found  and  studied  simultaneously,  even  though  the 
phoebe  is  a  solitary  nester. 

While  studying  the  breeding  ecology  of  the  eastern  phoebe  in 
Kansas  from  1962  through  1965,  I  collected  information  on  391 
complete  clutches  of  phoebe  eggs,  of  which  95  received  one  or  more 
cowbird  eggs.  This  paper  reports  on  the  breeding  success  of  the 
host  and  parasite,  causes  of  in-nest  mortality,  and  other  observa- 
tions of  the  interrelationships  of  breeding  in  the  two  species. 

Methods  and  Study  Area 

The  study  area  was  located  in  gently  rolling  farmland  about 
four  miles  south  and  six  miles  east  of  Lawrence,  in  Douglas  County, 

1  Museum  of  Natural  History,  The  University  of  Kansas,  Lawrence,  66045; 
present  address:  Cooperative  Wildlife  Research  Unit,  Iowa  State  University, 
Ames,  Iowa  50010. 
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Kansas.  The  area  measured  five  by  six  miles  on  a  side  and  included 
30  square  miles  ( 19,000  acres ) .  A  total  of  80  linear  miles  of  county 
roads,  running  in  the  cardinal  compass  directions,  transected  the 
area  at  one-mile  intervals  (Fig.  1).  Small  to  moderately  large 
bridges  (or  culverts)  on  these  roads  spanned  numerous  small 
tributaries  of  the  Kansas  River  system.  There  were  95  bridges  in 
the  study  area  that  provided  potential  nesting  sites  for  the  eastern 
phoebe.  The  roads  were  surfaced  with  gravel  except  for  8  miles 
paved  with  asphalt. 


Fig.  1. — Map  of  the  study  area.  Stippled  areas  represent  riparian  forest 
and  woodlots.  Solid  circles  represent  bridges  that  were  used  at  least  once  in 
the  four  years  of  the  study.  Open  circles  represent  bridges  that  were  not  used 
as  nestsites. 


The  vegetation  of  the  area  was  ecotonal,  elements  of  tall  grass 
prairie  tending  to  occur  on  the  higher  ground  and  eastern  deciduous 
forest  on  the  lower  ground  and  stream  valleys.  About  half  the  open 
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area  was  in  cultivation,  with  the  rest  in  pasture.  Nearly  all  the 
forest  was  confined  to  narrow  borders  along  watercourses  and  con- 
sisted of  mixed  deciduous  hardwoods  and  softwoods. 

Annual  rainfall  averages  35  to  40  inches  and  mean  monthly 
temperatures  range  from  25 °F  to  30 °F  in  winter  to  80° F  to  90°  F  in 
summer.  For  a  more  detailed  description  of  the  topography,  climate, 
and  vegetation  of  Kansas  see  Cockrum  ( 1952). 

The  phoebe  population  was  observed  in  the  following  periods: 
March-July,  1962;  March-July,  1963;  March-August,  1964;  and 
March- August  1965.  Potential  nestsites  (95  bridges  and  6  build- 
ings) were  identified  and  visited  at  least  every  five  days  and,  when 
nesting  commenced,  many  of  the  sites  were  visited  very  briefly  each 
day,  usually  in  the  afternoon.  All  nests  were  under  observation 
from  the  beginning  of  nestbuilding  until  termination  of  nesting  in 
early  August  or  late  July.  Nest  contents  were  observed  by  using  a 
mirror  attached  to  a  pole.  After  the  young  reached  12  days  of  age, 
observations  were  made  from  a  distance  to  avoid  causing  premature 
fledging. 

Although  the  eastern  phoebe  is  known  to  use  banks,  rocky  out- 
crops, and  the  walls  of  buildings  for  nest  sites  and  did  so  on  the 
study  plot,  I  decided  for  convenience  to  limit  my  observations  gen- 
erally to  nests  found  under  bridges.  Later  it  became  evident  that 
this  was  a  satisfactory  decision,  because  few  phoebes  used  buildings 
as  nestsites  and  suitable  banks  and  rocky  outcrops  are  rare  in  the 
study  area.  A  survey  of  10  homesteads  in  1964  and  1965,  conducted 
at  the  time  that  most  nests  contain  young  (mid-May),  revealed  no 
birds  nesting  on  buildings  at  these  localities.  Phoebes  were  rarely 
seen  near  buildings  in  casual  observations  made  while  driving 
through  the  area  and  only  one  of  six  unoccupied  farmhouses  under 
continual  observation  from  1963  to  1964  was  used  as  a  nesting  site. 
Thus,  I  believe  that  most  of  the  breeding  phoebes  occurring  within 
the  study  area  nested  under  bridges  and  were  under  observation 
throughout  the  period.  The  number  of  breeding  pairs  in  each  year 
of  observation  was  estimated  as  follows:  1962,  50;  1963,  61;  1964, 
61;  1965,  44.  These  estimates  are  based  on  the  number  of  occupied 
nest  sites  but  are  probably  fair  estimates  of  the  number  of  breeding 
pairs  because  of  strong  site  tenacity.  Of  48  color-banded  adults,  42 
remained  at  their  nestsite  bridges  through  a  breeding  season. 

General  Nesting  Ecology  of  Phoebes  and  Cowbirds 

The  phoebe  is  typically  double-brooded  and  breeds  at  one  year 
of  age  in  eastern  Kansas.  Laying  begins  in  late  March  or  early  April 
and  continues  through  June,  with  an  occasional  clutch  in  some  years 
completed  in  the  first  few  days  of  July.  The  construction  of  a  new 
nest  takes  7.3  days  (range  5-15  for  95  nests).  One  egg  is  laid  on 
successive  days  until  the  clutch  is  complete.    Only  the  female  incu- 
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bates,  although  the  male  participates  equally  in  feeding  nestlings. 
Steady  incubation  begins  on  the  day  the  last  egg  is  laid. 

The  average  clutch  size  for  phoebes  in  this  study  was  4.33  in 
296  nonparasitized  clutches  known  to  be  complete  (range,  2-6). 
No  significant  variation  in  clutch  size  was  recorded  between  years. 
Clutch  size  declined  slightly  at  the  end  of  each  breeding  season; 
third  and  fourth  clutches  ( generally,  replacement  clutches )  aver- 
aged 0.6  egg  less  than  the  first  two  clutches. 

The  incubation  period  from  data  for  53  clutches  of  phoebe  eggs 
in  which  the  date  of  laying  of  the  last  egg  of  the  clutch  was  known 
exactly  and  the  hatching  of  the  last  young  (when  all  eggs  hatch) 
was  known  to  within  a  few  hours,  was  found  to  be  usually  16  days: 
4  clutches  hatched  in  15  days;  44  in  16;  and  5  in  17.  For  cowbirds  I 
considered  the  incubation  period  to  begin  on  the  day  the  last  phoebe 
egg  in  a  clutch  was  laid  and  to  end  on  the  day  the  cowbird  hatched. 
For  35  individual  eggs  the  period  was  determined  always  to  be  12 
days. 

For  the  nestling  period,  the  day  of  hatching  of  the  last  young 
was  considered  day  zero.  Phoebe  eggs  in  most  clutches  hatched 
within  24  hours  or  less  of  each  other.  Some  35  nonparasitized  nests 
for  which  the  day  of  hatching  was  known  were  visited  daily  to 
determine  the  expected  day  of  fledging.  Phoebes  most  often  left  the 
nest  on  the  18th  day  after  hatching.  In  35  nests  the  nestling  period 
was  as  follows:  17  days  in  11  nests,  18  days  in  19  nests,  and  19  days 
in  5  nests.  Even  with  daily  observations,  fleldging  was  seldom 
observed.  Following  the  example  of  Woolfenden  and  Rohwer 
(1969:33),  any  nest  seen  to  contain  young  within  the  three  days 
preceding  the  average  expected  day  of  fledging  ( 18  days  for 
phoebes)  was  counted  as  a  successful  nest.  The  occasional  sighting 
of  fledglings  was  ignored  in  determining  success,  in  order  not  to 
bias  the  data  toward  success. 

Cowbirds  usually  fledged  on  the  eleventh  day  after  hatching, 
but  time  in  the  nest  varied  from  9  to  13  days.  The  data  for  23  cow- 
birds in  19  nests  for  which  daily  observations  were  made  are  as 
follows:  one  cowbird  fledged  in  9  days;  five  in  10  days;  nine  in  11; 
four  in  12;  and  four  in  13.  Cowbird  success  for  all  other  nests  was 
determined  as  above,  considering  the  eleventh  day  as  the  expected 
day  of  fledging. 

Frequency  and  Contents  of  Parasitized  Phoebe  Nests 

In  391  phoebe  nests  that  had  complete  clutches,  95  received  one 
or  more  cowbird  eggs,  for  an  incidence  of  parasitism  of  24.3%  in  the 
four  years.  Differences  in  frequency  of  parasitism  between  years 
(Table  1)  are  not  significant  (G=2.355;  d.f.=3:    P>0.05). 

Table  2  shows  the  distribution  of  nest  contents  of  81  parasitized 
nests  known  to  be  complete.   Because  of  a  change  in  nest  contents 
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Table  1. — Frequency  of  Parasitism  in  391  Complete  Clutches  of  Phoebe 

Eggs. 


Yeai 

All 

1962 

1963 

1964 

1965 

Years 

Non-parasitized  nests   

Parasitized   nests   

Per  cent  parasitized  

64 
13 

16.8 

92 
26 
22.0 

80 
32 
28.6 

60 

24 
28.6 

296 
95 
24.3 

well  after  clutch  completion,  I  have  omitted  14  other  clutches  that 

received  cowbird  eggs  two  to  nine  days  (Y=5.8  days)  after  incuba- 
tion had  started.  In  most  of  these  14  nests  the  number  of  phoebe 
eggs  was  reduced  by  one  or  more  ( probably  removed  by  the  laying 
cowbird,  as  is  customary).  In  all,  17  eggs  were  laid  after  incuba- 
tion had  started,  representing  13.1%  of  the  total  of  139  cowbird 
eggs  recorded  in  phoebe  nests;  this  is  a  slightly  higher  percentage 
than  that  reported  by  Mayfield  (1960:159)  for  "late"  cowbird  eggs 
in  nests  of  the  Kirtland's  warbler. 

Among  the  14  nests  omitted  from  Table  2,  one  had  four  cowbird 
and  two  phoebe  eggs  at  the  time  of  completion  and  gained  an  addi- 
tional cowbird  egg  on  the  fifth  day  of  incubation.  This  unusually 
large  number  of  cowbird  eggs  was  observed  in  only  two  other  nests. 
Both  were  located  outside  the  study  area  and  each  contained  five 
cowbird  eggs  and  two  phoebe  eggs.  One  of  these  was  preyed  upon 
before  hatching;  eggs  in  the  other  nest  hatched  only  one  young,  a 
cowbird,  which  later  fledged. 

Table  2. — Contents  of  Eastern  Phoebe  Nests  Parasitized  by  the  Brown- 
headed  Cowbird.1 


Phoebe  Eggs 
Per  Nest 

Cowbird  Eggs  Per  Nest 
12         3         4 

Nests  (N) 

Nests 
Per 
Total  Cent 

Phoebe 

(N) 

Cow- 
bird 

(N) 

23 

Cowbird 

Eggs 

Per 

Nest 

2 

5 

6 

2 

0 

13 

16 

26 

1.8 

3 

17 

9 

2 

0 

28 

35 

84 

41 

1.5 

4 

21 

3 

1 

1 

26 

32 

104 

34 

1.3 

5 

12 

1 

1 

0 

14 

17 

70 

17 

1.2 

Total  Nests 

55 

19 

6 

1 

81 

Percentage 

68 

23 

7 

1 

100 

Total  Phoebe 
Eggs 

205 

56 

19 

4 

284 

Total  Cowbir 

Eggs 

d 
55 

38 

18 

3.0 

3.51 

115 

1.41 

1  Incomplete   clutches   and   clutches   in  which   cowbird   eggs   were   laid   late   are   excluded. 
Nest  contents  are  as  they  were  recorded  on  the  day  that  incubation  started. 
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Breeding  Schedules 

In  Kansas,  the  phoebe,  being  one  of  the  earliest  breeders  among 
passerine  birds,  receives  most  of  the  cowbird's  attentions  in  the 
early  part  of  the  season.  Fig.  2  compares  the  appearance  of  cow- 
bird  eggs  in  phoebe  nests  with  egg-laying  by  the  phoebe  in  ten- 
day  periods  for  the  years  1962-65.  The  egg-laying  period  of  the 
phoebe  in  this  study  spanned  approximately  100  days  from  March 
28  to  July  5.  Of  154  cowbird  eggs  laid  in  phoebe  nests,  122  (79%) 
appeared  before  May  17  (the  halfway  date  of  the  egg-laying  period) 
while  phoebe  eggs  were  evenly  divided  between  the  periods  before 
and  after  that  date,  876  being  laid  before  May  17  and  836  on  May 
17  or  later.  More  than  half  the  cowbird  eggs  laid  in  nests  of  the 
phoebe  were  laid  in  the  last  two  weeks  of  April.  (These  data 
include  eggs  from  47  incomplete  clutches  and  17  clutches  excluded 
from  other  data  because  their  outcome  was  unknown.) 

Egg  Removal  by  the  Cowbird 

The  cowbird's  habit  of  returning  to  the  nest  and  removing  an 
egg  of  the  host  has  been  well  documented  (Hann,  1941;  Harrison, 
1973;  Mayfield,  1961)  but  the  act  is  rarely  observed.  It  would  be 
impractical  if  not  impossible  to  obtain  direct  quantitative  data  on 
egg  removal.  Thus,  I  followed  the  deductive  method  of  Mayfield 
( 1960)  in  obtaining  this  information. 

Table  3. — Comparison   between    Parasitized   and   Non parasitized    Nests 
and  the  Effect  on  Clutch  Size  Caused  by  the  Apparent  Removal  of  the 

Host  Egg  by  the  Cowbird.1 

Nonparasitized  Parasitized 

Eggs  Per  Phoebe  Phoebe    Cowbird 

Nest  Nests  Eggs  Nests  Eggs         Eggs 

1     —  —  —  —  64 

2     8  16  17  34  44 

3     37  111  34  102  18 

4     100  400  30  120  8 

5     148  740  14  70  5 

6     3  18  —  —  — 

Total     296  1,285  95  326  139 

Per  Nest  4.34  343  1.46 

1  Includes  only  complete  clutches. 

One  hundred  thirty-nine  cowbird  eggs  were  laid  in  95  nests 
having  complete  clutches,  or  1.46  cowbird  eggs  per  nest  (Table  3). 
Parasitized  nests,  on  the  average,  had  .91  fewer  (4.34  minus  3.43) 
phoebe  eggs  than  nonparasitized  ones.  This  indicates  that  the  cow- 
bird removes  a  phoebe  egg  about  9  of  10  times  that  it  lays.  The 
actual  number  of  eggs  taken  may  vary  from  one  to  several. 
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In  all,  21%  of  phoebe  eggs  laid  in  parasitized  nests  are  removed 
by  the  cowbird  (.91/4.35).  Thus,  if  24%  of  phoebe  nests  are  para- 
sitized (Table  1),  .24  x  .21  (or  5.0%)  of  all  phoebe  eggs  laid  are 
removed  by  cowbirds.  This  is  probably  a  conservative  estimate 
because  clutch  size  for  nonparasitized  nests  is  calculated  from  all 
nests.  Clutch  size  in  early  nests,  when  cowbird  pressure  is  strongest, 
averaged  4.5  eggs.  Phoebe  eggs  removed  by  cowbirds  may  be  as 
much  as  6.0% 

Cowbird  Influence  on  Hatching 

As  with  eggs  of  most  other  hosts,  the  number  of  phoebe  eggs 
that  hatch  is  reduced  by  presence  of  cowbird  eggs.  In  an  analysis 
of  hatching  success  (Table  4)  only  eggs  known  to  have  been 
present  at  the  time  of  hatching  are  considered,  which  means,  for 
instance,  that  nests  lost  to  predators  or  other  causes  prior  to  the 
time  of  hatching  are  omitted.  It  has  been  assumed  that  phoebes  that 
disappear  at  hatching  time  from  continuing  nests  have  hatched. 

Table  4. — Hatching  of  Phoebes  and  Cowbirds. 

Eggs  Per  Cent  of 

Present  at      Young     Phoebe  Eggs 
Nests       Hatching     Hatched       Hatched 

Phoebes  in  nests  with 

3  or  more  cowbird  eggs  5  14  8  57.14 

Phoebes  in  nests  with 

2  cowbird  eggs  17  43  28  65.12 

Phoebes  in  nests  with 

1  cowbird  egg 47  160  128  80.00 

Total  phoebes  in  nests 

wtih  cowbird  eggs  69  217  164  75.581 

Phoebes  in  nests  without 

cowbird  eggs 218  925  867  93.73 

Cowbirds  69  98  74  75.51 

1  This  figure  is  probably  a  little  high  because  of  inaccuracy  in  determining  whether  eggs 
actually  hatched  (see  text). 

As  shown  in  Table  4,  about  94%  of  eggs  in  nonparasitized  nests 
hatched,  while  in  parasitized  nests  about  76%  of  phoebe  eggs  and 
75%  of  the  cowbird  eggs  hatched.  Causes  of  failure  in  unhatched 
eggs  were  different  in  the  two  species.  Of  13  unhatched  cowbird 
eggs  examined  in  the  field,  10  appeared  infertile  (77%).  Among  50 
unhatched  phoebe  eggs  from  parasitized  nests,  25  (50%)  showed  no 
trace  of  development. 

The  data  in  Table  4  are  consistent  with  what  Mayfield  (1960: 
171)  found  in  the  Kirtland's  warbler:  the  frequency  of  hatching  in 
host  eggs  varies  inversely  with  the  number  of  cowbird  eggs  in  the 
nest. 
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Nestling  Survival  in  the  Presence  of  Cowbirds 

Only  29  phoebes,  ( 17.9%)  fledged  from  the  162  eggs  that  hatched 
in  73  parasitized  nests.  These  figures  are  based  on  all  nests  contain- 
ing a  cowbird  egg  at  the  time  of  hatching.  Of  the  29  phoebes  that 
fledged  from  parasitized  nests,  26  survived  because  the  accompany- 
ing cowbird  eggs  failed  to  hatch,  or,  as  happened  in  one  nest,  the 
cowbird  chick  disappeared  about  two  days  after  it  hatched. 

If  only  nests  in  which  cowbird  eggs  hatched  are  considered  and 
nest  losses  to  predation  and  other  causes  are  also  omitted,  only  three 
phoebes  in  two  nests  fledged  from  100  eggs  laid  in  39  nests.  The 
cases  of  these  three  are  given  here. 

( 1 )  Two  of  three  phoebe  eggs  hatched  three  days  after  a  single 
cowbird  had  hatched.  The  cowbird  fledged  on  the  eleventh  day 
after  hatching  and  was  seen  being  fed  by  an  adult  phoebe  near  the 
nest.  The  two  phoebes  continued  to  be  fed  and  they  also  fledged 
at  the  age  of  16  days. 

(2)  A  phoebe  apparently  survived  because  the  cowbird  hatched 
five  days  after  the  phoebe;  both  birds  fledged  on  the  same  day. 
This  is  the  only  nest  among  the  14  receiving  late  cowbird  eggs 
from  which  phoebes  fledged. 

Nesting  Success 

Table  5  summarizes  phoebe  nesting  success  in  parasitized  and 
nonparasitized  nests  and  the  rate  of  success  for  cowbird  eggs  laid 
in  phoebe  nests.  With  this  information  a  final  analysis  can  be  made 
of  the  overall  effect  of  cowbirds  on  the  breeding  effort  of  phoebes. 

Cowbirds  were  a  direct  cause  of  in-nest  mortality  at  three  periods 
in  the  nesting  sequence: 

( 1 )  Laying  cowbirds  removed  21%  of  phoebe  eggs  in  parasitized 
nests  (Table  3).  Because  an  average  of  24%  of  phoebe  nests  were 
parasitized  (Table  1),  about  5.0%  (.21  x  .24)  of  all  phoebe  eggs 
laid  were  removed  by  cowbirds. 

(2)  Hatching  success  in  parasitized  nests  was  reduced  18% 
below  that  of  nonparasitized  nests  (Table  4).  Thus,  reduction  in 
hatching  success  accounted  for  about  4.3%  (.18  x  .24)  of  the 
mortality  of  eggs  laid  in  all  nests  between  clutch  completion  and 
hatching. 

(3)  The  probability  that  phoebes  hatching  in  parasitized  nests 
would  fledge  was  17.9%  (Table  5).  This  is  50%  lower  than  the  67.9% 
success  of  nestlings  observed  in  nonparasitized  nests  and  represents 
mortality  of  12.0%  ( .50  x  .24)  in  all  nests  hatching  young. 

Thus,  the  sum  of  in-nest  mortality  caused  by  interference  of  the 
cowbird  was  about  21%  of  all  eggs  laid. 

Because  phoebes  show  a  strong  tendency  to  renest  and  because 
cowbird  pressure  is  strongest  in  the  early  part  of  the  season,  one 
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Table  5. — Nesting  Success  in  Parasitized  and  Nonparasitized  Nests  of 

the  Eastern  Phoebe,   1962-1965.1 


Phoebes  Phoebes 

(Nonparasitized)       (Parasitized)  Cowbirds 


Total    Eggs    1203  323  139 

Total  Hatched  814  162  83 

Per  Cent  Hatched2  67.7  50.2  59.7 

Number  Fledged  553  29  58 

Per  Cent  Fledged  .  46.0  9.0  41.7 
Per  Cent  of  Eggs 

hatched  that  fledged  ....  67.9  17.9  69.9 

1  Includes  only  nests  with  complete  clutches  in  which  final  outcome  was  known. 

2  Because  it  includes  nests  destroyed  or  deserted  before  the  time  of  hatching,  these  values 
are  lower  than  one  given  for  hatching  success  in  Table  4. 

would  expect  that  most  parasitized  pairs  would  have  a  good 
probability  of  producing  a  brood  of  phoebes  after  fledging  a  cow- 
bird.  Table  6  shows  the  average  number  of  young  fledged  per 
breeding  pair  per  year  and  compares  productivity  between  non- 
parasitized pairs  and  pairs  experiencing  at  least  one  instance  of 
parasitism  in  a  season. 

It  is  clear  from  this  analysis  that  pairs  that  are  parasitized  one 
or  more  times  in  a  season  produce  less  than  half  as  many  fledglings 
(1.7),  on  the  average,  than  do  those  pairs  which  escape  parasitism 
completely  (3.8).  Among  nonparasitized  pairs,  36  of  110  (33%) 
produced  no  fledglings,  while  48  of  85  (56%)  of  those  in  the  para- 
sitized group  fledged  no  young  phoebes.  Most  of  the  pairs  in  the 
parasitized  group  ( 92% )  were  parasitized  only  once  and  all  of  these 
laid  at  least  one  clutch  of  eggs  that  was  not  parasitized. 

Table  6. — Average  Number  of  Young  Phoebes  and  Cowbirds  Fledged  per 
Breeding  Pair  per  Breeding  Season,  1962- 1965. 1 

Pairs  not  parasitized 

Number  of  pairs  110 

Number  of  phoebes  fledged  per  pair  3.8 

Pairs  parasitized  at  least  once  in  a  season 

Number  of  pairs  85 

Average  number  of  phoebes  fledged  per  pair  1.7 

Average  number  of  cowbirds  fledged  per  pair  0.7 

1  Data  are  selected  from  those  cases  in  which  it  is  reasonably  certain  the  same  pair  re- 
mained at  the  same  nestsite  throughout  the  season,  and  for  which  the  outcome  is  known 
for  all  nestings  for  each  pair  in  that  season. 

Hatching  and  fledging  success  among  cowbirds  in  phoebe  nests 
is  presented  in  Tables  5  and  6.  Although  cowbird  eggs  have  a 
shorter  incubation  period  than  phoebe  eggs  and  thus  are  exposed 
to  environmental  hazards  for  a  shorter  period  of  time,  the  hatching 


10         OCCASIONAL  PAPERS  MUSEUM  OF  NATURAL  HISTORY 

rate  is  8%  less  than  that  for  phoebe  eggs  in  nonparasitized  nests. 
The  reason  for  this  is  that  a  higher  percentage  of  cowbird  eggs 
fail  (see  Table  7)  because  of  infertility  or  early  embryonic  death. 
Fledging  success  among  those  eggs  that  hatched  is  slightly  better 
than  that  for  phoebes  and  in  this  case  probably  reflects  the  shorter 
time  that  young  cowbirds  are  in  the  nest. 

Mortality  Due  to  Causes  Other  Than  Cowrirds 

Table  7  compares  the  causes  of  mortality  of  cowbird  eggs  and 
young  in  phoebe  nests  with  mortality  in  nonparasitized  nests.  As 
expected,  mortality  is  similar;  the  larger  proportion  of  unhatched 
cowbird  eggs  is  consistent  with  the  previous  analysis  of  hatching 
rates  (Table  4).  Except  for  losses  caused  by  cowbirds,  it  appears 
that  parasitized  and  nonparasitized  nests  are  exposed  to  the  same 
environmental  hazards.  Parasitized  nests  are  exposed  to  these 
hazards  for  shorter  periods  because  of  the  shorter  incubation  and 
nestling  periods  in  cowbirds. 

Predation. — Predation  on  eggs  and  young  was  the  major  cause 
of  mortality  to  nest  contents.  The  principal  predator  was  believed 
to  be  the  pilot  black  snake,  Elaphe  obsoleta.  The  raccoon,  Procyon 
lotor,  and  perhaps  rodents  and  birds  were  responsible  for  a  few 
losses.  Predation  pressure  was  relatively  constant  over  the  four 
years  of  the  study  ranging  from  a  low  of  23.4%  of  all  eggs  laid  in 
1964,  to  32.5%  in  1965  (7=27%). 

Nest  Mites. — Mortality  caused  by  the  northern  fowl  mite, 
Ornithomjssas  sylviartim,  occurred  almost  entirely  in  1964  when 
the  rate  reached  7.8%  of  all  eggs  laid  that  year.  Nest  mites  caused 
no  mortality  of  nestlings  in  1963  or  1965  and  only  2.3%  of  the  losses 
in  1962.  It  is  not  known  what  caused  the  unusually  high  losses  in 
1964.  Mites,  often  in  large  numbers,  were  observed  in  all  years  in 
more  than  half  of  the  nests.  The  mites  feed  upon  the  young  birds 
by  sucking  blood  from  their  soft  parts,  such  as  the  skin  around  the 
eyes,  the  mouth,  beneath  the  wings,  and  on  the  legs  and  feet. 
Engorged  females  are  able  to  survive  long  periods  without  food 
and  it  is  probably  this  instar  that  provides  for  season  to  season 
survival — probably  in  the  abandoned  nest. 

In  nests  in  which  mortality  occurred  from  mites,  the  chicks  were 
usually  very  weakend  by  the  age  of  9  or  10  days.  A  day  or  two 
later,  when  the  birds  began  to  sit  up  in  the  nests  and  exercise  their 
wings,  they  showed  signs  of  being  severely  agitated  by  the  large 
number  of  mites  on  their  bodies.  Their  scratching  and  preening 
activities  were  noticeably  more  active  than  those  of  nestlings  which 
were  free  of  mites. 

In  all  but  one  of  the  nests  where  mortality  occurred,  the  young 
were  found  laying  beneath  the  nest  13  or  14  days  after  hatching. 
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Table  7. — Causes  of  Mortality  to  Eggs  axd  Young  of  Cowbibds  and 
Phoebes  in  60  Parasitized  and  185  Nonpabasitized  Phoebe  Nests  Having 

Complete  Clutches,   1962-1965. 

Parasitized  nests  Nonparasitized  nests 

Number  of  Per  cent  Number  of  Per  cent 

Causes  of  cowbird  eggs  of  total  phoebe  eggs  of  total 

mortality  and  young  mortality  and  young  mortality1 

Predation  32  39.5  326  50.2 

Unhatched  eggs  _  18  22.2  40  6.2 

Weather    12  14.8  99  15.2 

Nest  desertion  ....  7  8.6  64  9.8 

Unhatched  eggs 

laid  after  incubation 

had  started  6  7.4  0  0 

Nest  mites  2  2.5  32  4.9 

Eggs  broken  in 

crowded  nest  __..  3  3.7  0  0 

Young  died 

in  nest  0  0  6  .9 

Unknown  0  0  61  9.4 

Miscellaneous    1  1.2  22  3.4 

81  100.0  650  100.0 

1  The   "per  cent  mortality  of  all   eggs    laid"   can  be   calculated   by   using   the   values   for 
total  eggs  laid  as  shown  in  Table  5. 

Their  bodies  were  badly  desiccated  and  still  greatly  infested  with 
the  mites.  On  a  few  occasions  I  discovered  some  of  these  pre- 
maturely fledged  birds  still  living  but  in  a  weakened  condition.  I 
assumed  that  the  birds  jumped  from  the  nest  as  a  result  of  the 
agitation  caused  by  the  mites. 

Various  workers  (Bent,  1942)  have  suggested  that  mite  infesta- 
tion caused  the  phoebe  to  build  in  a  new  site  in  subsequent  nestings. 
I  found  this  not  to  be  always  true,  because  generally  nearly  all 
the  mites  in  blood-sucking  stages  disappeared  from  the  nest  within 
a  few  days  after  young  had  left  and  did  not  appear  again  in  num- 
bers until  another  brood  had  hatched.  I  have  two  certain  records 
of  the  same  females  re-using  nests  that  had  experienced  mortality 
as  a  result  of  mites.  In  one  case,  the  subsequent  brood  also  died 
as  a  result  of  mites,  but  in  the  other  the  brood  fledged  successfully. 

Cowbirds  were  as  susceptible  as  phoebes  to  mortality  from  mites. 
Over-all  cowbird  mortality  was  low,  however,  because  of  the  rela- 
tively low  incidence  of  cowbird  parasitism  in  late  nestings,  when 
mortality  from  mites  usually  occurred. 

Weather. — Heavy  rainfall  (three  to  five  inches  falling  in  a  few 
hours)  and  subsequent  flooding  of  streams  caused  the  most  mor- 
tality of  any  weather-related  phenomenon.  Nearly  all  the  losses 
occurred  in  second  broods  during  two   cloudbursts:   one  in  June, 
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1964,  and  one  in  June,  1965.  Some  nests  were  lost  because  of 
flooding;  others,  located  high  enough  to  escape  the  flood,  were 
knocked  down  by  water-borne  debris,  including  small  trees.  In 
all,  19  nests  were  lost  to  floods.  In  four  instances,  nests  located 
near  the  ends  of  bridges  were  apparently  blown  down  by  strong 
gusts  of  wind  accompanying  thunderstorms.  Losses  due  to  weather 
represented  7.8%  of  the  mortality  in  all  eggs  laid  in  nonparasitized 
nests. 

Unknown. — Occasionally  eggs  or  nestlings  disappeared  from 
continuing  nests.  The  causes  of  such  losses  are  enigmatic.  For  eggs, 
the  incubating  adult  sometimes  may  have  kicked  an  egg  out  when 
leaving  the  nest.  I  suspect  also  that  cowbirds  were  responsible  for 
some  of  these  disappearances,  removing  a  phoebe  egg  without 
leaving  any  of  their  own.  Nestlings  that  died  in  continuing  nests 
were  probably  removed  by  the  adults. 

Miscellaneous. — These  losses  include  mortality  due  to  human 
interference. 

Discussion 

Frequency  of  Nests  Parasitized. — One  of  the  two  criteria  given 
by  Mayfield  (1965:19)  for  measuring  the  effect  of  the  host  and 
cowbird  on  one  another  is  frequency,  which  he  defined  as  "the  ratio 
of  nests  parasitized  to  the  number  of  nests  of  the  hosts."  Fre- 
quencies in  parasitism  of  less  than  10%  he  considered  light;  10-30%, 
moderate;  and  over  30%,  heavy.  By  these  standards,  the  frequency 
of  cowbird  parasitism  in  Kansan  phoebes  seems  to  be  moderate. 

Breeding  Schedules. — The  peak  of  cowbird  laying  in  phoebe 
nests  observed  here  is  more  than  two  weeks  earlier  than  the  be- 
ginning of  the  peak  period  for  cowbirds  reported  for  Kansas  by 
Johnston  (1964:645)  for  141  parasitized  nests  from  several  hosts 
(including  the  phoebe)  and  from  several  years'  nesting  records. 
His  data  indicated  that  egg-laying  by  the  cowbird  extends  from 
April  ( this  study )  to  July  20,  with  more  than  half  of  all  eggs  being 
laid  in  the  period  May  11  to  June  10. 

The  availability  of  a  greater  variety  and  number  of  hosts  in  the 
second  half  of  the  breeding  season  probably  accounts  for  the  re- 
duced number  of  parasitized  phoebe  nests  in  the  second  half  of  the 
season.  Also,  a  smaller  number  of  cowbird  eggs  may  be  laid  late 
in  the  season  because  of  the  smaller  "clutch  size"  of  cowbirds  late 
in  the  season  (Payne,  1965:55).  Freidmann  (1929:207)  noted 
that  phoebes  in  New  York  also  receive  the  brunt  of  cowbird  laying 
in  the  early  part  of  the  breeding  season. 

Wiens  (1963),  who  found  considerable  variation  in  cowbird 
egg  production  in  Oklahoma,  indicated  that  cowbird  egg  produc- 
tion was  independent  of  host  availability.  However,  he  had  no 
observations  for  April  and  May  and  it  is  probable  that  the  pattern 
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of  egg  laying  by  cowbirds  would  appear  much  different  if  such 
information  were  available. 

Only  the  cardinal  (Richmondena  cardinalis),  among  common 
cowbird  hosts  in  the  study  area,  breeds  as  early  as  the  phoebe.  But 
even  the  cardinal  does  not  usually  reach  its  peak  in  breeding  ac- 
tivity (clutch  completions)  until  the  second  week  of  May  (John- 
ston, 1964:646).  Horned  larks  (Eremophila  alpestris)  begin  breed- 
ing earlier  than  phoebes  (Johnston,  1964:625)  but  nest  records  and 
especially  records  of  parasitism  for  this  species  are  uncommon  in 
Kansas. 

The  breeding  cycles  of  phoebes  and  cowbirds  do  not  exactly 
coincide.  When  egg-laying  days  are  graphed  in  ten-day  intervals, 
there  is  a  slight  lag  of  several  days  in  inception  of  laying  in  cow- 
birds both  at  the  beginning  of  the  breeding  season  and  again  at  the 
mid- way  point  (see  Fig.  2).  This  lag  of  several  days  in  laying  by 
cowbirds  at  the  beginning  probably  does  not  (Payne,  1973)  repre- 
sent an  inherently  slower  response  to  environmental  stimuli  than 
occurs  in  phoebes,  an  explanation  that  would  also  fail  to  explain 
the  lag  associated  with  repeat  clutches.  I  have  observed  cowbirds 
at  partially  completed  phoebe  nests  seemingly  intent  on  watching 
nest  construction  by  phoebes.  Mayfield  (1961)  reported  similar 
behavior  of  cowbirds  near  Kirtland's  warbler  nests  and  concluded 
that  cowbirds  show  a  proprietary  interest  in  nests  they  have  para- 
sitized or  are  about  to  parasitize. 

Harm  (1937:207)  suggested  that  the  visual  perception  of  nest- 
building  by  individuals  of  the  host  species  may  bring  the  cowbird 
to  ovulation.  If  so,  the  lag  in  inception  of  breeding  by  the  cow- 
bird, as  depicted  in  Fig.  2,  may  represent  the  time  needed  for  the 
cowbirds  to  produce  eggs  following  the  stimulus  of  seeing  phoebes 
build  nests.  But,  the  slight  delay  may  also  reflect  the  time  that 
cowbirds  have  to  search  for  and  find  phoebe  nests  in  sufficient 
numbers  to  affect  these  data. 

Egg  Removal. — Mengel  and  Jenkinson  (1970)  have  summarized 
the  available  records  where  there  was  any  indication  that  cowbirds 
occasionally  removed  cowbird  eggs  from  parasitized  nests.  They 
suggested,  as  had  Mayfield  (1961)  earlier,  that  at  least  when 
similarly  colored  eggs  were  involved,  the  cowbird  might  discrimi- 
nate between  its  own  and  its  host's  eggs  on  the  basis  of  size. 

Phoebe  eggs  differ  markedly  from  cowbird  eggs  in  both  color 
and  size  and,  as  expected,  cowbirds  rarely  erred  in  removing  phoebe 
eggs.  Phoebe  eggs  are  uniformly  white  with  occasional  reddish- 
brown  specks  on  the  large  end  and  measure,  on  the  average,  19.0  x 
14.7  mm  ( Bent,  1942 ) .  Cowbird  eggs  vary  from  white  to  pale 
bluish  richly  dappled  with  brown  and  gray  spots  and  measure 
21.4  x  16.4  mm  (Bent,  195S).  I  have  records  of  16  phoebe  nests 
from  which  it  is  certain  that  cowbirds  removed  phoebe  eggs  rather 
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TOTAL    PHOEBE    EGGS       1712 
TOTAL    COWBIRD    EGGS     154 


1-10    11-20  21-30  31-40  41-50  51-60  61-70  71-80   81-90  9H0O 

LAYING     DAYS 

Fig.  2. — Breeding  schedule  of  die  eastern  phoebe  and  the  brown-headed 
cowbird  for  the  years  1962-1965.  Here  the  day  that  the  first  egg  appeared  in 
each  year  has  been  designated  as  "day  one"  and  each  day  thereafter  numbered 
in  serial  order.  Open  bars  are  cowbird  eggs,  solid  bars  are  phoebe  eggs. 
Numbers  on  the  tops  of  bars  are  the  actual  numbers  of  eggs  observed  in  that 
10-day  period. 

than  their  own  when  both  were  in  the  nest.  In  one  nest,  a  marked 
cowbird  egg  and  three  marked  phoebe  eggs  were  replaced  the 
next  day  by  two  unmarked  cowbird  eggs  and  an  unmarked  phoebe 
egg.  It  is  possible  that  the  four  eggs  that  disappeared  were  removed 
by  one  or  more  of  the  cowbirds  that  laid  in  this  nest,  but  the  order 
in  which  removal  took  place  is  unknown. 

Cowbirds  occasionally  laid  eggs  in  "inactive"  nests  and  in  one  of 
these  instances  a  marked  egg  was  replaced  by  another  cowbird 
egg.  However,  no  phoebe  eggs  were  in  the  nest.  Thus,  the  laying 
cowbird  had  no  choice  and  probably  removed  the  other  cowbird 
egg.  I  never  found  cowbird  eggs  in  "inactive"  nests  except  when 
phoebe  eggs  were  being  laid  in  a  nearby  nest  under  the  same 
bridge.  These  circumstances  support  the  hypothesis  that  it  is  the 
phoebe's  nesting  activities  that  attract  female  cowbirds  to  a  nesting 
site. 

Cowbird  Influence  on  Hatching. — Mayfield  (1960:172)  sug- 
gested that  young  Rutland's  warblers  in  parasitized  nests  die  soon 
after  hatching  because  of  starvation  or  trampling  by  the  cowbird 
that  is  several  days  old.  Their  bodies  are  promptly  removed  by  the 
adults.  This  is  apparently  true  also  of  phoebes. 

In  a  parasitized  nest  the  newly  hatched  phoebe  ( weighing  about 
2  g)  is  dwarfed  beneath  its  3-  or  4-day  old  cowbird  nestmate 
(weighing  about  12  g).  Under  these  circumstances,  a  nestling 
phoebe  usually  dies  in  the  first  day  or  two  after  hatching.    The 
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bodies  of  recently  hatched  phoebes  were  seen,  on  several  occasions, 
lying  several  yards  from  the  nest  on  or  near  the  expected  day  of 
hatching.  In  all  these  instances,  cowbirds  in  the  nest  were  three 
or  more  days  old.  A  few  nestlings  survived  four  or  five  days  in 
nests  with  one  cowbird,  but  these  young  grew  slowly  or  not  at  all 
and  eventually  disappeared  from  the  nest. 

Nesting  Success. — Why  are  parasitized  pairs  less  likely  to  fledge 
a  brood  of  phoebes  even  though  one  or  more  of  their  nesting  at- 
tempts in  a  season  may  be  free  of  cowbird  eggs?  There  are  several 
possible  reasons.  Most  of  the  cowbird  eggs  in  phoebe  nests  are 
laid  early,  usually  in  the  first  nestings  of  the  season.  Nests  that 
escape  parasitism  are  usually  late  nestings.  In  this  study,  there  was 
a  higher  loss  rate  among  late  nests  because  of  flooding,  nest  mites, 
and  a  high  predation  rate.  Thus,  if  a  pair  failed  to  raise  a  brood 
in  its  first  attempt,  the  probability  of  succeeding  in  subsequent 
attempts  was  even  lower.  It  is  also  possible  that  parasitized  pairs 
selected  "poor"  nest  sites,  subject  to  higher  loss  rates  from  all  causes 
of  mortality. 

The  data  indicate  that  in  eastern  Kansas  the  phoebe  is  a  good 
host  for  the  cowbird,  readily  accepting  the  eggs  of  the  parasite  and 
raising  the  young  equally  as  well  as  its  own.  The  42%  fledging 
success  for  cowbirds  reported  here  is  much  higher  than  the  overall 
success  of  25%  reported  by  Young  ( 1963 )  for  the  cowbird  in  36 
host  species.  Berger  ( 1951 )  reported  63%  success  for  cowbirds  in 
a  small  sample  of  5  parasitized  phoebe  nests.  Wiens  (1963)  found 
24%  fledging  success  in  nests  of  several  hosts  in  Oklahoma. 

Losses  During  the  Laying  Period. — In  this  paper  I  have  followed 
the  customary  practice  of  including  only  complete  clutches  in 
calculations  concerning  nesting  success  and  mortality.  Although 
one  cannot  ascertain  the  exact  number  of  eggs  laid  in  incomplete 
clutches,  it  seems  worthwhile  to  examine  the  observed  losses,  be- 
cause they  represent  a  significant  part  of  the  total  cowbird  mor- 
tality. Also,  these  data  include  all  of  the  losses  occurring  in  phoebe 
nests  during  the  laying  period,  a  group  of  nests  seldom  assessed  in 
field  studies. 

In  addition  to  the  391  complete  clutches  in  this  study,  47  nests 
(11%  of  the  total  of  438  nesting  attempts)  experienced  loss  or 
desertion  before  the  completion  of  the  clutch.  The  observed  con- 
tents of  these  47  nests  and  the  circumstances  connected  with  their 
loss  are  summarized  in  Table  8.  If  the  phoebe  eggs  seen  in  these 
nests  were  included  in  Table  5,  hatching  and  fledging  success  in 
phoebes  would  be  lowered  only  2%  to  4%.  However,  if  the  30  cow- 
bird eggs  were  included,  hatching  success  for  that  species  would 
be  lowered  10%  and  fledging  success  would  be  lowered  more  than 
6%.  Similarly,  other  data  would  be  affected.  The  overall  per  cent 
incidence  in  parasitism  would  be  raised  from  24%  to  26%,  and  the 
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total  estimated  loss  to  phoebe  eggs   due  to   cowbirds   would  be 
about  23%. 

Table  8. — Number  of  Eggs  Observed  in  Nests  Lost  or  Deserted  Before 

the  Completion  of  the  Clutch. 

Nonparasitized  Parasitized 

Phoebe  Phoebe  Cowbird 

Cause  of  loss  Nests       eggs  Nests       eggs         eggs 

Dissappearance  of  one  or  more 

eggs  followed  by  desertion  7  14  7  8  10 

Evidence  of  broken  eggs  in 

nest  followed  by  desertion  13  26  13  17  16 

Weather  2  4  2  2  4 

Desertion  accompanied  with 

disappearance  of  adults  2  3  0  0  0 

Nest  destroyed  by 

unknown  agent  13  0  0  0 


Totals   .._.  25  50  22  27  30 

Losses  in  7  of  the  47  nests  considered  here  were  caused  by  either 
the  loss  of  the  entire  nest  or  disappearance  of  the  adults.  The  loss  of 
these  7  cannot  be  attributed  to  cowbirds.  However,  the  circum- 
stances surrounding  the  other  40  nests  suggests  that  cowbirds  may 
have  disrupted  laying  in  these  nests.  The  evidence  for  this  is  de- 
scribed below. 

Losses  in  the  40  subject  nests  were  of  the  nest  contents,  not  to 
the  nests  themselves.  Evidence  of  broken  eggs  (shell  fragments 
and/or  dried  albumen  and  yolk  on  remaining  eggs)  was  found  in 
26  nests;  the  remaining  14  were  deserted  after  one  or  more  of  the 
eggs  disappeared.  Cowbird  eggs  often  appeared  in  place  of  the 
missing  phoebe  eggs,  and  were  observed  in  20  of  the  40  incomplete 
clutches  (50%)  experiencing  egg  breakage  and  disappearances. 
This  is  a  significantly  higher  frequency  of  parasitism  (G-test, 
P<0.05)  than  occurred  in  complete  clutches  (95  of  391  or  24%). 
In  all  but  two  of  the  13  incomplete  and  parasitized  clutches  in 
which  eggs  were  broken,  the  cowbird  eggs  were  left  intact.  In  the 
391  complete  clutches,  breakage  occurred  in  only  five  nests,  and  in 
two  of  these  a  cowbird  egg  appeared  in  the  nest  at  the  time  of 
breakage. 

Although  the  evidence  is  largely  circumstantial,  it  seems  reason- 
able to  assume  that  cowbird  activity  was  the  principal  cause  of 
interruption  during  the  5-day  egg  laying  period.  If  losses  in  all  40 
nests  were  caused  by  the  cowbirds  it  would  amount  to  9.1%  of  all 
phoebe  nesting  starts.  In  all  cases,  the  adults  did  not  leave  such 
nestsites  and  began  renesting  soon  after,  often  in  the  same  nest. 


COWBIRD  PARASITISM  AND  NESTING  SUCCESS  17 

Summary 

In  Eastern  Kansas  from  1962-65,  24%  of  nests  of  the  eastern 
phoebe  receiving  complete  clutches  were  parasitized  with  eggs  of 
the  brown-headed  cowbird.  The  cowbird  has  a  deleterious  effect 
on  the  phoebe's  reproductive  effort  by  removing  5.0%  of  all  phoebe 
eggs  laid,  by  reducing  hatching  success  4.3%,  and  by  reducing 
fledging  success  12.0%.  An  additional  9.1%  of  all  phoebe  nests 
started  may  be  interrupted  by  cowbird  activity.  Because  one 
successful  cowbird  egg  has  the  same  effect  as  two  or  more  cowbird 
eggs,  the  frequency  at  which  nests  are  parasitized  is  a  good  index 
to  cowbird  effects  on  phoebe  reproduction  in  any  one  year  or 
locality.  Pairs  of  parasitized  phoebes  were  less  likely  to  produce 
young  phoebes  than  were  pairs  escaping  parasitism.  Cowbird 
parasitism  ranked  second  to  predation  as  a  cause  of  in-nest  mor- 
tality among  phoebes.  Cowbird  success  was  41.7%,  indicating  the 
phoebe  to  be  a  tolerant  host. 
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